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Abstract .  A province-wide eva lua t ion  o f  the amount, d i s t r i b u t i o n ,  
source and c o n t r o l  o f  damage t o  Ontar io  apple t rees was i n i t i a t e d .  
Data wereobtained from 280 responses t o  a quest ionnai re d i s t r i b u t e d  t o  
growers across Ontario, and from t r a p  censuses i n  three widely  separ- 
a ted areas. Meadow voles (Microtus pennsyl vani cus) damaged o r  des- 
t royed  8,423 t rees i n  o u r  quest ionnai re sample and o ther  mamnals 
damaged another 10,307 t rees .  No re1  a t ionsh ip  was found between 
a p p l i c a t i o n  o f  roden t i c ide  and l e v e l s  o f  damage, b u t  roden t i c ide -  
t rea ted  b a i t s  sharp ly  reduced numbers o f  voles on our t r a p  p l o t s .  
Orchards wi t h  h igh  l e v e l s  o f  damage were on average only  one- th i rd  as 
l a r g e  as the average orchard i n  our t o t a l  sample. A l l  damage by voles 
appeared t o  be caused by meadow voles and no p ine voles (M. pinetorum) 
were found. Numbers o f  voles va r ied  g r e a t l y  among our  three study 
areas. Future work w i l l  concentrate on fac to rs  causing h igh l e v e l s  o f  
damage and on the r e l a t i o n s h i p  between d ispersa l  o f  voles and the 
e f fec ts  o f  r o d e n t i c i d e  treatment. 
I n t r o d u c t i o n  
I n  Ontario, the re  has been very l i t t l e  systematic research i n t o  
the  amount and c o n t r o l  o f  damage caused by herbivorous mammals i n  
apple orchards, desp i te  abundant evidence from growers t h a t  t h i s  
damage i s  extens ive and c o s t l y  (Brooks and Schwarzkopf 1981). I n  
1981, Ontar io  growers sought t o  suppor t  a research program t h a t  would 
determine the amount o f  damage caused by voles and t h a t  would develop 
more economical and e f f e c t i v e  c o n t r o l  measures than those t h a t  e x i s t  
now. 
I n  September 1981, we i n i t i a t e d  a four-year  research program. 
The ob jec t i ves  o f  the f i r s t  phase o f  t h i s  research were: 
1. To i d e n t i f y  the mammalian species causing 
damage t o  Ontar io  f r u i t  t rees.  
2. To q u a n t i f y  the e x t e n t  o f  mammalian pest  
damage i n  Ontario. 
3. To assess the nature and e f fec t i veness  o f  
cu r ren t  management and con t ro l  pract ices.  
4. Using t rapp ing  techniques, t o  est imate 
dens i t i es  o f  voles i n  orchards i n  three 
areas o f  the province. 
From in fo rmat ion  obtained dur ing  t h i s  i n i t i a l  phase, we have 
formulated research plans d i r e c t e d  toward the  long-term goals of the 
p r o j e c t .  S p e c i f i c a l l y ,  these goals a re  t o  develop recommendations t o  
advise growers on cos t  and l a b o r - e f f i c i e n t  methods t o  reduce t r e e  
damage by rodents and, w i t h i n  these constra in ts ,  t o  recommend methods 
t h a t  minimize the use o f  tox icants  i n  c o n t r o l .  
Methods and M a t e r i a l s  
1. Ques t ionna i re  
I n  Se~tember  1981. auest ionnaires were d i s t r i b u t e d  bv mai l  t o  
1100 apple'  growers i n  0 n i a r i o .  These quest ionnaires provided inform- 
a t i o n  on: (a)  t r e e  composit ion ( i  .e., number, age, va r ie ty ,  e tc . )  and 
s i z e  o f  the orchard; (b) methods (i.e., t iming, and frequency o f  use 
o f  herb ic ides,  rodent ic ides,  mowing, c u l t i v a t i o n ,  e tc . )  of h a b i t a t  
management and rodent  pest  con t ro l  used by growers; ( c )  amount o f  
damage i n f l i c t e d  on t rees by mammalian pests; and (d) general l o c a t i o n  
o f  the orchard, depth o f  w i n t e r  snow cover and o ther  f a c t o r s .  
Returned quest ionnai res (280) were a1 located t o  f o u r  regions 
(F ig .  1 ) .  
A. Lake E r i e  = a l l  counties border ing on 
Lake E r i e  
B. Centra l  Ontar io  = a l l  counties from Lambton 
t o  York 
C .  Georgian Bay = count ies o f  Grey, Simcoe 
and Wel l ington 
D. Eastern Ontar io  = a l l  counties eas t  of York. 
2. Tra i n  Pro rams 
St:da:d I i ?e-t rappi  nq and snap-trappinq techniques ( ~ a v i s  1956, 
Krebs e t  a1. 1969, ~ e n z u l l i  e t  a1. 1980, '~ tockrahm e t  a1. 1981, 
Webster and Brooks 1981) were used t o  i d e n t i f y  rodent  species res iden t  
i n  apple orchards and t o  est imate populat ion l e v e l s  o f  these species. 
Trap g r i d s  were es tab l i shed  i n  orchards i n  Haldimand-Norfol k muni c i -  
p a l i t y ,  Grey County, and Pr ince Edward County (F ig .  1 ) .  The study 
orchards were se lec ted  because they had experienced damage by voles 
i n  prev ious years. Sampling was conducted i n  such widely  dispersed 
t r a p  g r ids ,  because the  Ontar io  Pest ic ides Advisory Committee (OPAC) 
expressed i n t e r e s t  i n  determining whether i t  would be f e a s i b l e  t o  
est imate vo le  l e v e l s  across apple growing areas o f  Ontar io  on the 
bas is  of samples f rom a s i n g l e  g r id .  
Four 0.21-ha l i v e - t r a p  g r ids  were establ ished i n  each o f  the 
th ree  sample areas. Trapping comenced i n  e a r l y  September and ended 
i n  mid-December. Each area was trapped throughout f o u r  consecutive 
24-h per iods on th ree  occasions (Cycles 1, 2, and 3), g i v i n g  a t o t a l  
o f  12 days and 12 n igh ts  t rapping on each study g r i d .  Ba i ted  Sherman 
l i v e  t raps  were s e t  a t  each g r i d  marker w i t h  5 m between markers. 
Traps were locked open f o r  24 h before each four-day Cycle began. 
Captured animals were marked w i t h  numbered ear tags, weighed, sexed 
and released. Reproductive a c t i v i t y  was a lso  noted. 
F ive  0.21-ha g r i d s  were establ ished on the three areas f o r  snap- 
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t r a p  sampl ing .  Snap t rapping was conducted twice: Session 1 occurred 
between l i v e - t r a p  Cycles 1 and 2; and Session 2 occurred between l i v e -  
t r a p  Cycles 2 and 3. Snap t rap  p l o t s  were sampled over two con- 
secut ive 24-h per iods i n  each session. " 
Results and Discussion 
The data from 280 quest ionnaires are summarized i n  Table 1 t o  
show the p e r  cen t  o f  apple trees damaged across Ontar io  i n  the w in te r  
o f  1980-81. Overa l l ,  mammals destroyed o r  damaged 1.9% o f  991,000 
t rees on our response sample. Therefore, i n  the average Ontar io  
orchard o f  3500 trees, about 70 t rees were damaged by rodents, hares 
o r  deer i n  the 1980-81 w in te r .  As our sample represented about 25% o f  
Ontar io  apple growers, we est imated t h a t  mammals damaged 75,316 t rees 
i n  wi n te r .  
Table 1. The percentage o f  apple t rees damaged by ver tebrate pests 
i n  Ontar io  i n  1980 - 81.' 
Region 
Lake E r i e  Centra l  Georgian Eastern Ontar io  
Niagara Ontar io  Bay Ontar io  To ta l  
To ta l  % 
apple t r e e s  1.57 2.34 2.51 2.85 2.28 
damaged 
By Voles 0.68 0.78 1.13 0.98 0.85 (0 - loo ) *  
Hare 0.58 0.32 0.80 0.25 0.45 (0-40) 
Deer 0.29 1.03 0.53 0.35 0.59 (0-60) 
other" 0.02 0.21 0.05 1.27 0.38 (0-30) 
* Range o f  values i n  parentheses. 
+ Figures based on responses from 280 quest ionnai res.  
++ Most damage i n  t h i s  category i s  from w i n t e r  k i l l  bu t  a few t rees 
were damaged by groundhogs (Marmota monax) . 
Voles damaged 0.85% (8423) o f  the t rees i n  our sample (Table 1) .  
Highest  l e v e l s  o f  vo le damage occurred i n  Georgian Bay and Eastern 
Ontar io .  I n  previous years, growers i n  these regions have repor ted 
greater  problems than have growers i n  the Lake E r i e  o r  Central  Ontar io  
reg ions.  
Deer (Odocoi leus v i  r g i  nianus) browsed on 0.59% (5847) o f  the t rees  
and i n f l i c t e d  heaviest  damage i n  Central  Ontar io  (Table I ) ,  where deer 
numbers are r e l a t i v e l y  high. Lagomorphs damaged 0.45% (4460) o f  a l l  
t rees and had t h e i r  g rea tes t  e f f e c t  i n  the Georgian Bay reg ion  
(Table 1 ) .  Most of the "other" damage (Table 1 )  was caused by extreme 
cold in  the winter of 1980-81. This problem was most severe in Eastern 
Ontario (Table 1 ) .  
Zinc phosphide- treated baits  were applied to orchards by 86.7% of 
the growers in our sample. In these orchards, voles damaged 0.80% of 
the trees (Table 2) .  In 21 orchards treated with Rami k Brown, 1.20% 
of the trees were damaged; whereas the 17 orchards not treated with 
rodenti cide experienced the lowest damage levels (0.30%). 
Table 2. The percentage of apple trees damaged by meadow voles 
(Microtus enns lvanicus) in orchards treated or not 
treated wi*. 
Region 
- 
Lake Erie Central Georgian Eastern Ontario 
Niagara Ontario Bay Ontario Total 
Rodenti cide program 
Zinc phosphide 0.67(72)* 0.80(77) 1.20(34) 0.75(59) 0.80 
Rami k brown 5.52 (3 )  0.51 (3) 1.03 (7)  1.46 (8) 1.20 
No rodenticide 0.30 (9) 0.00 (1) 0.00 (2)  0.52 (5) 0.30 
* Number of orchards i n  parentheses. 
The average number of trees in orchards not treated with rodenti- 
cides was only one-third (1187 trees)of the  number of trees i n  the 
average orchard was 3542 trees in  our ent i re  questionnaire sample. 
Many of the growers who did not apply rodenticides indicated that  
they did not do so  because they had no history of rodent damage. Some 
of these orchards were surrounded by cultivated or urban areas. 
To isola te  factors associated with high levels of damage, we 
looked next only a t  those orchards (N = 38) with more than 2.5% of 
the i r  trees damaged by voles (Table 3).  An average of 11.5% of trees 
were damaged in  these orchards, more than ten times the Ontario average 
(Table 3).  The mean number of trees in  these orchards was only 1428, 
compared to  the average of 3542 for  a l l  the orchards sampled by our 
questionnaire. Twenty-six of the 38 "high damage" orchards were 
treated with zinc phosphide baits ,  ye t  they s t i l l  had 13.8% of the i r  
trees damged by voles. 
e 3. The percentage o f  apple t rees damaged by meadow voles 
(Microtus pennsylvanicus) i n  orchards w i t h  more than 2.5% 
o f  t rees  damaged. 
Region 
Lake E r i e  Central  Georgian Eastern Ontar io  
Niagara Ontar io  Bay Ontar io  To ta l  
% Trees 
damaged 10.5(10)* 17.8(8) 11.9(7) 9.6(13) 11.5(38) 
( >  2.5% damaged) 
Mean number 
t rees lo rchard  1978 938 1553 1239 1428 
( >  2.5% damaged) 
Mean number 3190(84) 41 40(81) 3738(42) 31 60(72) 3542(280) 
t rees lo rchard  
* Number o f  orchards i n  parentheses. 
These r e s u l t s  i n d i c a t e d  t h a t  orchard s i z e  may be an impor tant  
f a c t o r  i n  repor ted  l e v e l s  o f  damage. Small orchards seemed t o  suffer 
very l i t t l e  damage (e.g. those described above t h a t  had n o t  been 
t r e a t e d  w i t h  roden t i c ide )  o r  a subs tan t ia l  and c o s t l y  l e v e l  o f  damage. 
There are th ree  poss ib le  explanations f o r  the  l a t t e r  case. 
1. As sma l le r  orchards have a h igher  per imeter1 
area r a t i o ,  a g iven r a t e  o f  immigrat ion o f  
voles would lead  t o  a h igher  l e v e l  o f  damage. 
2. Many small  orchards may be loca ted  i n  areas 
o f  1 ow-i n tens i  t y  a g r i c u l t u r e ,  and therefore,  
may be surrounded by o l d  f i e l d s ,  pastures, 
e t c .  t h a t  ma in ta in  h igh  numbers o f  voles. 
This  hypothesis i s  r e l a t e d  t o  the f i r s t  one. 
3. Small orchards may be more l i k e l y  t o  have 
inexperienced ( recent)  o r  i n e f f i c i e n t  owners 
as compared t o  l a r g e  operat ions. 
I n  1982, we w i l l  at tempt t o  ascer ta in  which o f  these p o s s i b i l i t i e s  i s  
the  most l i k e l y  reason f o r  the observed h igh l e v e l s  o f  damage by 
v i s i t i n g  the orchards and by a rev ised  and expanded quest ionnaire. 
Meadow voles, deer mice (Peromyscus maniculatus) and s h o r t - t a i l e d  
shrews ( B l a r i n a  brevicauda) were the on ly  species o f  small  mammals 
captured i n  l i v e  t raps .  No p ine  voles (Microtus pinetorum) were taken 
even though t h i s  species has been trapped i n  t h e  Haldimand-Norfolk 
reg ion  (Peterson 1966). I n  Pr ince  Edward County, meadow voles were 
numerous i n  Cycles 1 and 2 (88 and 72 voles/ha) . b u t  they dec l ined  t o  
low l e v e l s  (7.1 vo les lha)  i n  Cycle 3, a f t e r  z inc phosphoride t rea ted  
b a i t s  were app l ied  t o  the p l o t s  between cycles 2 and 3 (Table 4).  A 
s i m i l a r  dec l ine  was observed i n  Haldimand-Norfolk when roden t i c ide  was 
a p p l i e d  between Cycles 1 and 2 (Table 4). I n  Grey County, an area w i t h  
a h i s t o r y  o f  h igh  l e v e l s  o f  repor ted  vo le damage, dens i t i es  o f  meadow 
voles remained low throughout the study. Numbers o f  Peromyscus were 
low i n  a l l  sampling areas except i n  Haldimand-Norfolk dur ing the f i r s t  
cyc le.  No conclusions could be i n f e r r e d  regard ing e f f e c t s  o f  roden t i -  
c i d e  a p p l i c a t i o n  on numbers o f  t h i s  species. 
Table 4. The number o f  meadow voles (Microtus pennsylvanicus) per  ha 
l i v e  trapped i n  Southern Onta r io  apple orchards. 
Haldimand- Pr ince Edward CKXV Nor fo lk  County 
Cycle 
1 10.7(3.6)* 36.9(16.7) 88.0(2.4) 
2 11.9(3.6) 9.5 (2.4) 72.6 (0) 
3 6.0 (0)  4.8 (1.2) 7.1 (0) 
* Numbers i n  arentheses r e f e r  t o  the number o f  deer mice (Peromyscus 
manicu latusr  per  ha. 
Results from the snap-trap p l o t s  i n d i c a t e d  t h a t  dens i t i es  o f  
meadow voles were low i n  a1 1 areas and i n  both sessions, except fo r  
Session 1 i n  Pr ince  Edward County (Table 5) .  However, numbers i n  
Session 1 i n  Haldimand-Norfolk may have been underestimated owing t o  
inclement weather dur ing  the t rapp ing  session. 
Table 5. The number o f  meadow voles (Microtus pennsylvanicus) snap 
trapped i n  Southern Ontar io .  
Grey Haldimand- Pr ince Edward 
County Nor fo l  k County 
Session 
1 1 .o* 3.8 
2 1 .o 9.5 
* Number o f  meadow voles per  ha. 
Overa l l  , these r e s u l t s  i ndicate t h a t  numbers o f  meadow voles a re  
n o t  s i m i l a r  i n  orchards throughout the apple growing regions o f  Ontario. 
This i s  n o t  s u r p r i s i n g .  I n  add i t i on ,  i t  appears t h a t  app l i ca t ions  o f  
z inc phosphide- t r e a t e d  b a i t s  do cause s i g n i f i c a n t  reduct ions o f  numbers 
o f  r e s i d e n t  voles. However, t h i s  e f f e c t  may be o n l y  temporary as 
evidenced by the h igh l e v e l s  o f  damage t h a t  occur annual ly  i n  Grey and 
Pr ince  Edward Counties despi te  z inc  phosphide treatments. Because of 
t h i s  and because sma l le r  orchards o f t e n  have the h ighest  l e v e l s  o f  
damage, we suggest t h a t  voles may emigrate i n t o  orchards a f t e r  t h e  
r o d e n t i c i d e  has been consumed by the res iden t  populat ion o r  otherwise 
l o s t  i t s  e f fec t i veness .  I f  s i g n i f i c a n t  d ispersa l  takes p lace i n  winter,  
as appears sometimes t o  be the  case (Brooks and Webster i n  press),  then 
h igh  l e v e l s  o f  damage by voles cou ld  occur over w i n t e r  even though few 
voles were present  i n  the orchard i n  l a t e  f a l l  and e a r l y  w i n t e r .  
I t  appears t h a t  movements o f  voles i n t o  t rea ted  orchards may make 
f a l l  a p p l i c a t i o n s  o f  roden t i c ide  r e l a t i v e l y  i n e f f e c t u a l  i n  c o n t r o l  o f  
damage t o  t rees .  Development o f  a  con t ro l  program t o  prevent  damage 
by voles over  w i n t e r  w i l l  r e q u i r e  an understanding o f  the ex ten t  and 
t i m i n g  o f  these movements. To t h i s  end, we wi 11 use radiote lemetry  
(e.g., Pagano and Madison 1981, Webster and Brooks 1981) t o  moni tor  
movements, p a r t i c u l a r l y  dur ing l a t e  f a l l  and e a r l y  w i n t e r  a f t e r  
r o d e n t i c i d e  a p p l i c a t i o n .  As c a r r i e d  o u t  a t  present, roden t i c ide  
c o n t r o l  measures have on ly  a shor t - term e f fec t i veness  and show l i t t l e  
re1  a t i o n s h i p  t o  l e v e l s  o f  overwinter  damage caused by voles. 
Quest ionnai res p rov ide  an economical means t o  ob ta in  in fo rmat ion  
over a l a r g e  area. I n  1982, we w i l l  update and reorganize our  quest ion- 
n a i r e  t o  evaluate more s p e c i f i c  quest ions t h a t  have a r i s e n  from our  
1981 e f f o r t .  I n  p a r t i c u l a r ,  we w i l l  examine those orchards sub jec t  t o  
heavy damage i n  1980-81 and add quest ions p e r t a i n i n g  t o  grower 
a t t i t u d e s  and degree o f  f l e x i b i l i t y  i n  a1 t e r i n g  t h e i r  c u l t u r a l  
p rac t i ces .  We a l s o  p l a n  t o  i n v e s t i g a t e  e f f e c t s  o f  h a b i t a t  manipulat ion 
on numbers o f  voles (Steele 1977) using enclosures and various c u l t u r a l  
p rac t i ces .  F i n a l l y ,  we wi 11 disseminate in fo rmat ion  use fu l  t o  growers 
both t o  enhance t h e i r  understanding o f  the o v e r a l l  problem, and t o  
a s s i s t  them i n  developing c o n t r o l  programs t h a t  a re  more e f f e c t i v e  and 
economical. 
Summary: Over the w i n t e r  o f  1980-81, mamnals damaged about 2% o f  apple 
t rees  i n  Ontar io  orchards. Highest damage was s u f f e r e d  by sma l le r  
operat ions and although roden t i c ides  were e f f e c t i v e  over the s h o r t  
term, a p p l i c a t i o n  o f  these tox ins  bore no d i s c e r n i b l e  r e l a t i o n s h i p  t o  
l e v e l s  o f  damage over the  e n t i r e  w in te r .  Overa l l ,  populat ions of 
meadow voles i n  f a l l  1981 were a t  low leve ls .  There was no evidence 
t h a t  p ine voles were causing damage i n  Ontar io .  Future s tud ies w i l l  
concentrate on d e f i n i n g  o ther  f a c t o r s  associated w i t h  h igh  l e v e l s  o f  
damage. 
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